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Abstract— OFDM is a multi carrier modulation technique in
which the carriers are Orthogonal to each others as a result of
which   it   provides   high   bandwidth efficiency and   multiple
carriers share the data among themselves. This paper describes
the design and implementation of Enhanced Core Processing
Blocks of OFDM Transmitter and Receiver i.e. the FFT  and
IFFT Blocks that can be easily ported to an FPGA or an ASIC.
The methodology used is the 8-point IFFT/FFT DIF with radix-2.
The design unit consists of a common pass module and multiple
path modules for which the timing simulations have been
generated using Altera Max plus II. Finally the performance
analysis   of   the implemented   system has   been   done by
comparisons with MATLAB Simulations.
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I. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is
an attractive transmission systems for high capacity optical,
due to its high spectral efficiency and resilience to fibre
dispersion [1,2].This transmission method has been adopted in
many applications such as Digital Broadcasting (DAB, DVB-
T), long-haul, wireless communication[3] and access networks
applications [4,5]. The advantages of OFDM system are based
on the assumption that the system parameters between the
Transmitter and the Receiver are perfectly matched.

The fig.1 shows the block diagram of OFDM
transmission system. This is a digital implementation of
OFDM sub carrier modulator / demodulators based on discrete
Fourier transform (DFT) [6]. The number of sub carrier can be
changed.   At the transmitter, the frequency signals are
converted into time domain function using IFFT process and
at the receiver, the received time domain symbols are
decomposed by employing FFT operation, the recovered data
symbols are restored in serial order.

The main objective is to design an OFDM Transmitter [7]
and Receiver using FPGA. FFT/IFFT are the main building
blocks of OFDM, they operate on finite sequences. The
OFDM signal is generated by implementing the Inverse Fast
Fourier Transform (IFFT) at the transmitter and Fast Fourier
Transform (FFT) at the receiver side. Firstly we derive an
algorithm for the IFFT and FFT. A variable may correspond
to a wire or a register depending on its application and
sometimes an operator can be mapped to hardware like adder,
latches, multiplexers etc.

Waveforms which are analog in nature must be sampled at
discrete points before the FFT/IFFT algorithm can be applied.

Fig.1 OFDM transmission system

The DFT operates on sample time domain signal which is
periodic. The equation for DFT is —

N-1

X(k) = ∑ x(n) WN
nk

n=0 (1)

On the other hand, the inverse DFT for data sequence
{X(k)} with k = 0,1,2…..N-1 defined in equation (2).

N-1

x(n) = 1/N ∑ X(k) WN
-nk

k=0 (2)
The computation of each point of DFT requires the (N-1)

complex multiplication, (N-1) complex addition. Thus to
compute N points in DFT require N(N-1) complex
multiplication and  N(N-1)  complex addition. Consider  the
DFT equation (1) can be divided into two equal halves and
after that  the two equations were  formed;  one  is for even
signal terms and another for odd signal terms. DFT can be
subdivided until only two points are left in each DFT. Since
the outputs were subdivided to obtain this algorithm, it is
referred to as decimation-in-frequency (DIF) FFT algorithm.
After the brief discussion on core OFDM blocks, we describe
implementation of FFT and IFFT blocks and there equations
are optimized in VHSIC Hardware Description Language to
produce the VHDL code [8, 9] are explained in section II that
follows synthesis, validation of the result, timing simulation
using Altera [10] Max Plus II tool in section III proceeding
with VHDL simulation and MATLAB Comparison in section
IV than Conclusion in section V and references.
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II. IMPLEMENTATION OF 8-POINTS DIF IFFT AND FFT

The   implementation   of IFFT   and   FFT   is   simple   as
compared to DFT and its 8-point DIF output is derived from
the input directly [11]. Multiplication of the twiddle factor is
skipped to avoid redundancy and reduce computation time.
Thus, IFFT and FFT implementation is optimized.

There are three stages; stage 1 accepts the input data
directly. The outputs of Stage 1 are feed as the inputs of the
Stage 2. Stage 2 computation take place and this process
repeats at the final stage, Stage 3. The complexity of the
output equations increases as the Stage number increases
because twiddle factor computations are involved. It includes
multiplication and additions operations.

Fig 2 Stage 3 Computation Flow Chart of an IFFT Block

The implementation of an 8 point IFFT processor involved
few modules. All this modules are combined together to
produce an 8 point IFFT processor.

In the IFFT algorithm, the even and odd outputs are
computed separately in two main groups. The odd output
blocks computation is more complex compared to the even
group computation. The even output computations are Path 0,
Path 2, Path 4 and Path 6. The odd output computations are
represented by Path 1, Path 3, Path 5 and Path 7. In the sub-
modules, few digital circuitries are implemented. The most
important components are adder, subtractor and unsigned
divider. Multiplexers are used to approximate the decimal
values to the nearest integer. They are also used to convert the
summation to unsigned numbers which are connected to the
divider. If the signed bit is ‘1’, then the quotient value will be
converted into unsigned number. Conversion of signed and
unsigned numbers is not required for positive summation
values. This module passes the inputs to the sub-modules that
do the IFFT computations.

The Pass module consists of 8 D flip-flop registers. The
function of Path 0 and Path 4 is to compute and display the
result of these computations.

The arithmetic operation for Xout (0) is summation. The Xout

(4) arithmetic involves summation, subtraction and division.
The arithmetic operation for Xout (2) and Xout (6) involves real

and imaginary operation. They are performed separately. The
twiddle factor for this output is either j or –j which contributes
to the imaginary component for this path.

Fig. 3 Module Architecture of IFFT Processor

Same arithmetic operations are involved for Xout (1), Xout

(3), Xout (5) and Xout (7) modules including real and imaginary
calculation. They are performed separately. The output of the
twiddle factor is approximated to 0.70703125 or in binary
0.110110101, including a most significant bit (MSB) to
indicate the twiddle factor is a positive number. Any decimal
value after summation is approximate to integer ‘1’.

The final output equations for an 8-point IFFT processor
are:

X(0) = x(0)+ x(4)+ x(2)+ x(6)+ x(1)+ x(5)+ x(3)+ x(7)
X(4) = x(0)+ x(4)+ x(2)+ x(6)- x(1)- x(5)- x(3)- x(7)
X(2) = x(0)+ x(4)- x(2)- x(6)+ jx(1)+ jx(5)- jx(3)- jx(7)
X(6) = x(0)+ x(4)- x(2)- x(6)- jx(1)- jx(5)+ jx(3)+ jx(7)
X(1) = x(0)- x(4)+ jx(2)- jx(6)+ 0.7071x(1)+ j0.7071x(1)

-0.7071x(5)- j0.7071x(5) - 0.7071x(3)- j0.7071x(3)
+ 0.7071x(7)+ j0.7071x(7)

X(5) = x(0)- x(4)+ jx(2)- jx(6)- 0.7071x(1)- j0.7071x(1)
+0.7071x(5)+j0.7071x(5)+0.7071x(3)+j0.7071x(3)
- 0.7071x(7)- j0.7071x(7)

X(3) = x(0)- x(4)- jx(2)- jx(6)- 0.7071x(1)+ j0.7071x(1)
+ 0.7071x(5)- j0.7071x(5) + 0.7071x(3)- j0.7071x(3)
- 0.7071x(7)+ j0.7071x(7)

X(7) = x(0)- x(4)- jx(2)- jx(6)+ 0.7071x(1)- j0.7071x(1)
- 0.7071 x(5)+ j0.7071x(5) - 0.7071x(3)+ j0.7071x(3)
+ 0.7071x(7)- j0.7071x(7)

The equation for FFT is similar to IFFT equation except for
the negative sign in the twiddle factor and the scaling factor.
Thus, the algorithm developed for the IFFT in the previous
section can be used for FFT algorithm  development with
minor modification.

Both the processors are divided into subsequent modules.
These are pass module, path 0, path 1, path 2, path 3, path 4,
path 5, path 6, path 7 modules. Pass module, modules it to
pass the input data at each positive clock edge to the different
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modules of FFT processor with the condition the load signal is
active high. One clock signal is required to pass the data. The
flow chart of FFT processor Pass module is shown in the Fig.4

Fig. 4 Flow chart of Pass module in FFT processor

Path 0 and Path 4 modules implement almost the identical
mathematical operation except the mathematical operators are
different. There is no imaginary component present at the
output. But, Path 2 and Path 6 modules having imaginary
component and they are present at the output. Thus, they have
more complex mathematical expressions.

Fig. 5 Flow Chart for Path 3 in FFT Processor

Path 1, Path 3, Path 5, Path 7 are the most complicated
among all the modules in the FFT processors because they
involve number of mathematical operations, such as addition,
subtraction, and multiplication. The outputs contain real and
imaginary components. The imaginary components resulted
from the twiddle factor which involves  sin  45 degree and
cosine 45 degree. This value is approximated to 0.70703125
which is equivalent to 0.10110101 in binary form. . The flow
chart of FFT processor Path 3 module is shown in the Fig.5

The IFFT processor has more complex mathematical
operations because it has a scaling factor (1/N). In the digital
domain, this translates a division operation. The working of
all the modules is same as in the FFT processor. The flow
chart of Path 2 IFFT module is shown in the fig 6.

Fig. 6 Flow Chart for Path 2 in IFFT Processor

III. SIMULATION RESULTS FOR IFFT AND FFT
PROCESSORS

The results of IFFT and FFT Processors are obtained from
the Altera Max plus II simulation with random input samples.
Each of the input samples contains 8-bits of input. This shows
the overall simulation result obtained by combining all the
modules of IFFT described in the last section.
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Fig. 7 IFFT processor Output

The overall simulation result for FFT processor is obtained
by combining all the modules. The result is shown in fig.8

Fig.8 FFT processor Output

IV. COMPARISON OF SIMULATION OUTPUT AND
MATLAB

We have taken The VHDL output and the MATLAB
simulation output using same random input number are
compared to gauge the accuracy of the result.

As shown  in Table  I  and Table  II,  the accuracy of  the
VHDL simulation output has been rounded to the nearest
integer. Here only 8-bits are used to represent the output value

for the comparison between VHDL simulation and MATLAB
simulation.

TABLE I
MATLAB IFFT SIMULATION OUTPUT

X(0) X(1) X(2) X(3) X(4) X(5) X(6) X(7)

15 0 0 0 0 0 0 0

7.5
-1.21
-j2.47

-0.38
-j1.88

-1.04
+j0.53

-0.25
-1.04
-j0.53

-0.38
+j1.88

-1.21
+j2.47

7.25
0.87

-j1.52
-0.88
-j2.13

-0.37
-j0.77

1.5
-0.37
+j0.77

-0.88
+j2.13

0.87
+j1.52

8.25
-0.21
-j0.57

-0.25
+j0.25

1.21
+j0.93

-0.75
1.21

-j0.93
-0.25
-j0.25

-0.21
+j0.57

5.88
2.13

+j0.95
0.13
-j0.5

0.37
-j1.3

0.87
0.37
+j1.3

0.13
+j0.5

2.13
-j0.95

7.63
-0.63
-j0.78

0.88
+j1

-0.63
-j0.28

-3.88
-0.63
+j0.28

0.88
-j1

-0.63
+j0.78

6.38
0.41

+j1.37
0.25

+j0.13
0.59

-j0.13
2.13

0.59
+j0.13

0.25
-j0.13

0.41
-j1.37

7.38
0.66

-j1.05
0.75

-j0.38
0.84

-j0.55
-2.88

0.84
+j0.55

0.75
+j0.38

0.66
+j1.05

TABLE III
MATLAB FFT SIMULATION OUTPUT

X(0) X(1) X(2) X(3) X(4) X(5) X(6) X(7)

120 0 0 0 0 0 0 0

60
-9.71-
j19.78

-3+j15
-8.29-
j4.22

-2
-8.29

+j4.22
-3-j15

-9.71-
j19.78

58
6.95+
j12.19

-7+j17
-2.95

+j6.19
12

-2.95
-j6.19

-7-j17
6.95-
j12.19

66
-1.66

+j4.58
-2-j2

9.66
-j7.41

-6
9.66

+j7.41
-2+j2

-1.66-
j4.586

47
17.07
-j7.58

1+j4
2.93

+j10.4
7

2.93
-j10.4

1-j4
17.07+j7

.58

61
-5

+j6.24
7-j8

-5
+j2.24

-31
-5

-j2.24
7+j8

-5-j6.24

51
3.29-
j10.95

2
-j1 4.7

1
+j1.05

17
4.71

-j1.05
2+j1
3.2

9+j10.95

59
5.29

+j8.36
6+

j3 6.7
1

+j4.36
-23

6.71-
j4.36

6-j3
5.29-
j8.36

V. CONCLUSION

The core processing blocks of an OFDM system i.e. the
FFT and the IFFT processors were successfully designed and
implemented using common pass module and multiple path
modules. Direct mathematical method was adopted as it was
found to be an efficient and optimized method instead of the
structural implementation which is based on butterfly
operation. At the end Timing simulation was performed from
Altera Max plus II to generate the design net list file and
translate the design into the target Altera FPGA device. The
output of the timing simulation matched the data calculated
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from pre synthesis MATLAB simulations. The post synthesis
results of the unit have been found to be matching the
behavioural simulation results after the design unit was
successfully ported to an FPGA.

REFERENCES

[1] R. I. Killey, Y. Benlachtar, R. Bouziane, P. A. Milder, R. J.
Koutsoyannis,   C. R. Berger, J. C. Hoe, P. M. Watts, M. Glick,”
Recent Progress on Real-Time DSP for Direct Detection  Optical
OFDM Transceivers,” OSA/OFC/NFOEC 2011.

[2] Y. Hou, T. Hase,” New flexible OFDM structure for consumer
electronics communication systems,” Consumer Electronics, IEEE
Transactions, pp. 191-198, Feb 2009

[3] H. A. Mahmoub, T. Yucek, and H. Arslan, “OFDM for cognitive radio:
Merits and challenges,” IEEE Wireless Commun., vol. 16, no. 2, pp. 6–
15, Apr. 2009.

[4] W. Shieh et. al.; Opt. Express, Vol. 16, Issue 2, pp. 841-859 (2008)
[5] D. Qian et. al.; OFC 2010, paper PDPD9 (2010).
[6] S. Chandrasekhar et al., “Transmission of a 1.2-Tb/s 24-Carrier No-

Guard-Interval Coherent OFDM Super channel over 7200-km of Ultra-
Large-Area Fiber,” in Proc. ECOC 2009, PD2.6.

[7] D. Qian, N. Cvijetic, T. Wang,” Novel Optical OFDM Transceiver
Structures,” OECC pp. 470-471 July. 2010.

[8] P. Verma, H. Kaur, M. Singh, B. Singh,” VHDL Implementation of
FFT/IFFT Blocks for OFDM” Advances in Recent Technologies in
Communication and Computing, pp. 186-188,2009.

[9] M. Arioua, S. Belkouch, M. Agdad, M.M. Hassani,” VHDL
implementation  of an optimized 8-point FFT/IFFT processor in
pipeline architecture for OFDM systems,” ICMCS, 2011.

[10] C.G. Concejero, V. Rodellar, A. Alvarez-Marquina, E. Icaya, P.
Gomez-Vilda, “An FFT/IFFT Design versus Altera and Xilinx Cores”,
Reconfigurable Computing and FPGAs, International Conference,2008
pp.337-342.

[11] C. Sidney Burrus,   1977 "Index Mapping for Multidimensional
Formulation of the DFT and Convolution", IEEE Trans. Acoust.,
Speech, and Signal Processing, Vol. ASSP- 25, pp. 239-242.


